The objective of this research was to design an infrared machine model and optimal parameters to eradicate rice weevil mingled in Brown Hom Mali Rice 105. The suitable condition for a removal of the rice weevil was determined by Design of Experiment (DOE) method. Three operation factors consist of heating temperature, thickness of a layer of rice and heating time. Experimental design by Design-Expert Version 7.0 program was used in generating experiments. The desired operation condition must exhibit 100 percent removal of rice weevil without harm on quality or alter both chemical and biological properties of brown rice. At a constant gap of 10 cm between infrared tube and adjustable base, the optimum condition was heating temperature of 100 degree Celsius, thickness of a layer of rice of 0.5 cm and 1.5 minutes heating time.
Introduction
The benefits of healthy lifestyle and healthy consumption habits have been well established. Currently, healthy lifestyle receives more attention and becoming widely interest. Brown Hom Mali Rice 105 contains more nutrition and antioxidant properties compared to milled rice. Bran contains nutrient (Dietary Fiber) which help prevent colon cancer and stomach cancer. It also prevents the absorption of saturated fats into the stomach. The Brown Hom Mali Rice 105 contains vitamins B1 that help prevent beriberi help in the process converts starch into energy and helps in the functioning of the nervous system. As a result, Brown Hom Mali Rice 105 has increasing in consumption each year. However, due to Brown Hom Mali Rice 105 contains many nutrients, it attracted to rice weevil. If brown rice was not properly stored, rice weevil would deteriorate rice quality. This shortens storage time of any brown rice.
There are many insects that deteriorate rice quality such as Lesser grain borer, Siamese grain beetle, Angoumois grain mot, Rice weevil, Corn weevil and Red flour beetle. Using chemical method such as pesticides in disinfestation is normally used during storage in commercial rice mill plants. It is easy to use but disadvantage is that pesticide may residues in rice and in the long term this may cause an illness (1) . Therefore, non-chemical method is safer disinfestation method. One of promising technique is by using heat via infrared radiation. Infrared is the heat radiation with shot wavelength. The recently study showed that with proper operating condition, infrared prototype machine can eliminate 100 percent of rice weevil and does not affect the quality of the Hom Mali Rice 105 which increase rice storage time (2) . DOE is one of the statistical techniques in generating optimum result with minimum time and resources. Therefore, this research aims to design an infrared machine prototype to eradicate rice weevil mingled with Brown Hom Mali rice 105. Full Factorial Design by Design-Expert Version 7.0 was used in generating experiments. After radiation, chemical and physical qualities of all rice samples were examined
Materials and Methods

Materials
The preparation of the rice weevil and rice weevil eggs. The amounts of 200 rice weevils were put in a plastic box containing 500 grams of Brown Hom Mali rice 105. The plastic box was covered with cotton cloth and stored at (a) room temperature for 5 days. After that, eggs of rice weevils were collected from the box and stored at room temperature. Samples of Brown Hom Mali Rice 105 used in this study were supplied from a single local source (Baan Suan Supavata, Nakornratchasima province, Thailand).
(b) In each test, a sample unit consists of 30 grams of Brown Hom Mali Rice 105, 10 rice weevil eggs and 10 adult rice weevils. The moisture of Brown rice was measure and controlled within a range of 13 to14 percent (3) . (c) An infrared heating machine was designed and built in house at the department of Industrial Engineering, Faculty of Engineering, Khon kaen University. A model machine is shown in Figure 1 .
(d) The constant distance between an infrared lamp and the machine base was 10 centimeters.
Methods
(a)
The sequence of experiment was generated using Full Factorial Design methods in Design-Expert Version 7.0. The three factors consisted of heating temperature, the thickness of Brown Hom Mali Rice 105 and heating time. Factors and levels are shown in Table 1 . Twenty runs were tested with 3 repeats. Therefore, there were total of 60 runs.
(b) Analysis of the experiment by Main Effect Plot to decide the finer range of factor settings. After the analysis, it was found that new range of temperature was between 80 to 100 degrees Celsius, thickness of Brown Hom Mali Rice 105 was 0.5 to 1.50 centimeter and heating time remained unchanged. Then, the 3 k factorial method by Design-Expert Version7.0 programs were used in generating of experiment runs. There were 32 runs with 2 repeated runs, therefore, there were total of 64 runs.
(c) Results were analyzed using Analysis of Variance (ANOVA) in order to find the optimal condition that can eradicate 100 percent of rice weevils and eggs.
(d) The optimal condition was repeatedly performed in order to confirm the result.
(e) After infrared test, rice samples were stored in room temperature. Chemical properties including moisture, ash, protein, fat, fiber and carbohydrates were then examined. Physical properties including weight and dimension were also examined. Fig. 2 shows main effect plot of heating temperature against the percentage of rice weevil mortality. It showed that amount of rice weevil mortality increases with increasing temperature. However, rice weevil mortality was less than 10 percent at temperature lower than 70 degrees Celsius. Therefore, the new heating temperature range was set to be 80-100 degrees Celsius.
Results and Discussions
Analysis of the experiment by Main Effect Plot
Fig 3 shows main effect plot of thickness of a rice layer against the percent of rice weevil mortality. It showed that amount of rice weevil mortality decreases with increasing thickness. Therefore the new thickness range was set to be 0.5-1.5 cm which exhibited greater than 10% of rice weevil mortality. Figure 4 shows effect plots of heating time of a rice layer against amount of rice weevil death. It showed that amount of rice weevil mortality increases with increasing heating time. All conditions exhibit greater than 10% of rice weevil mortality. Therefore, the range of heating time remains unchanged.
Design an experiment by 3 k factorial design method
Analysis of the Main Effect in Figures 2-4 can be summarized trials in appropriate factors in Table 2 . Using design and experiment by 3 k factorial design method, there were 32 runs with 2 repeated runs, therefore, there were total of 64 runs. Results of 64 runs were then analyzed using ANOVA.
Analysis of Variance
Analysis of variance (ANOVA) which requires a p-value less than 0.05 indicates that the derived model is statistically significant and acceptable (4) . Hence, the overall model p-value (probability of error value) being less than 0.0001 double confirms that the model is very significant (5) result in one or more factors that affect mortality of rice weevil. From Table 3 , it is indicated that factors contributing to the death of rice weevil are the temperature and thickness of a layer of rice. Model of rice weevil mortality is showed in equation (1). 
where A is heating temperature (degree Celsius) and B is thichness of a layer of rice (cm).
The surface plot in Figure 5 can be obtained from equation (1) . It was found that the death of rice weevil increases with increasing of temperature and decreasing of rice thickness. While heating time has no significant effect since the p-value is greater than 0.05. 
Optimal parameters
There are two conditions that exhibited 100% mortality of rice weevil as listed in Table 5 . However, the optimal condition was further considered the condition that gives best rice quality indicated from chemical analysis. Table 6 shows results of chemical properties of rice in as-received condition and after Infrared radiation tests.
The standard values also show as a comparison. It can be seen that amount of moisture, protein, fat, fiber slightly decrease, while ash and carbohydrate slightly increase. Results of changing in each property can be explained as below.
(a) Moisture; before infrared radiation was 13.5% and after infrared radiation is 13.2%. The moisture content decreased 0.3% equivalent to 2.22% decreasing. Lower moisture content helps prolong in storage time.
(b) Protein; before infrared radiation was 7.45 grams and after infrared radiation was 7.27 grams. The protein content decreased by 0.18 grams equivalent to 2.47% decreasing. As a result, a protein that inhibits the absorption of water into the grain reduced short cooking time (c) Fat; before infrared radiation was 2.64 grams and after infrared radiation was 2.42 grams. The fat content decreased by 0.22 grams equivalent to 8.33% decreasing. Reduction of fat reduces rancid. (d) Fiber; before infrared radiation was 0.5 grams and after infrared radiation was 0.46 grams. Both before and after the infrared radiation was lower than the standard, the after infrared radiation was reduced to 0.04 grams equivalent to 8% decreasing.
(e) Ash; before infrared radiation was 1.35 grams and after infrared radiation was 1.37 grams. So 0.02 grams (1.48% increased) of ash increased will help make better digestion.
(f) Carbohydrate; before infrared radiation was 74.56 grams and after infrared radiation was 75.28 grams. Carbohydrate increases 0.97% give higher amount of energy. Weight loss of sample after infrared radiation (IR No.2) is showed in Table 7 . The average weight loss was approximately 0.198 grams equivalent to 0.66%. This is due to the reduction of moisture, fat, fiber and protein. However, physical property was not altered by heating. Table 8 shows grain dimension of brown Hom Mali rice 105 Standard. Again, dimension of grains was not altered by heating. The optimum condition was chosen using the shortest production time criteria, therefore, the optimum condition is condition No.2; infrared temp of 100ºC (rice temp. about 75ºC), thickness of 0.5 cm and 1.5 min heating time.
Conclusions
The following conclusions can be drawn from the current study.
(a) The application of design of experiment in response surface methodology with 3 k factorial design was used in generating operating conditions. Factors affected on rice weevil disinfestations were heating time and rice thickness determined by p-value. The death of rice weevil increases with increasing of temperature and decreasing of rice thickness. (c) The optimum condition giving 100 percent of rice weevil mortality and shortest production time is; infrared temp of 100ºC (rice temp. about 75ºC), thickness of 0.5 cm and time of 1.5 min.
(d) After infrared radiation under an optimum condition, quality of rice was remains in the standard range. Weight loss after heating was approximately 0.66%.
